Abstract-Information obtained from redness grading can assist clinician for diagnosis and in making clinical decision. This research work aims to mimic human perception of fibrovascular redness using features extracted from color entropy. Gaussian process regression with the radial basis function kernel has been employed to fuse relevant features and established the model of redness perception. In this paper, we present the results of the radial basis function kernel incorporated as the covariance function in the GPR as the scale, sigma is varied.
I. INTRODUCTION
Redness is an important clinical indicator which has been investigated extensively in previous clinical studies [1] , [2] . The information obtained from the redness grading can assist the clinician for diagnosis [3] and in making clinical decision [4] . However, there is a limited study on the grading of fibrovascular redness. This type of tissue is unique in its physical characteristics, composing of fibrous and vascular tissue.
One example of the fibrovascular tissue is pterygium. The tissue is characterized by its wedgeshaped, fleshy and vascular growth that stems from the eye corneal limbus. It is a significant public health problem with countries closer to the equator showing higher prevalence. If left untreated for certain duration, it can cause ocular anomalies which include corneal astigmatism [5] , changes in refractive conditions [6] and shift in corneal topography [6] .
While there is no known attempt to automate the pterygium fibrovascular redness scoring, an effort has been made to provide objective grading for bulbar redness [7] . However, the study used a parametric approach to model the redness score and all the data were used for training and testing the model which may result in model with high variance. The tradeoff between bias and variance can be overcome by using separate training and testing data. Gaussian process regression is a non-parametric approach to solve for a highly nonlinear model and there is a great uncertainty regarding the true functional form of the model [8] .
This research work aims to mimic human perception of fibrovascular redness using features extracted from color entropy. Gaussian process regression was employed to fuse relevant features and established the model of redness perception.
II. METHOD
This section explains the methodology followed in this work. Fig. 1 summarizes the flowchart of the proposed system. Section A -Section E elaborate more on the procedures shown in the flowchart. 
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A. Data collection
The data were extracted from 26 eyes of pterygium patients who visited IIUM Opthalmology Research Centre, Pahang, Malaysia. The images were captured using slit-lamp biomicroscopy with diffused white light. Fig. 2 illustrates the typical image of pterygium. The region of interest (ROI) is from apex of the pterygium to limbus. The ROI was graded subjectively by an expert with three classifications of redness; mild (Grade 1 - Figure 1a) , moderate (Grade 2 - Figure 1b) and severe (Grade 3 - Figure 1c) . Intermediate grading was also used, for example Grade 1.5 to denote grade between 1 and 2.
B. Image enhancement
The pterygium images are converted into image enhancement based on color space transformation and vessel enhancement as shown in Table 1 . The transformation is based on 14 color space representations [9] and blood vessel enhancement algorithm based on Hessian matrix [10] .
C. Entropy calculation
The transformed images are then quantified based on a statistical measure, entropy, a measure of randomness that can be used to characterize texture of an image. Entropy is defined as:
where p(n) represents the probability of intensity value n. The entropy values are used as features supplied to the Gaussian Process Regression. To avoid over-fitting the model the features are split into 50% as training data and another 50% as testing data.
D. Weight by correlation
This step calculates the relevance of the features by computing the value of correlation for each feature of the training dataset with respect to the human grading. This weighting scheme is based upon correlation which is defined as: 
E. Gaussian Process Regression
In Gaussian Process Regression (GPR), the learning of data is modeled as Bayesian estimation problem. The readers are directed to [8] for further details of GPR. Briefly, it is assumed that the parameters of GPR are random variables. GPR uses the following equation for prediction of Y:
where f(x) is a latent function and ε is Gaussian noise. The joint distribution of Y is given by the following expression:
where K(X, X) is a kernel function and I is the identity matrix. The predictive distribution of Y * corresponding to test input, X * is given by the following equation:
where K * is a covariance matrix which is defined as:
In this study, a radial basis function (RBF) kernel is used as the covariance function [8] . In order to find the optimal scale, sigma of the kernel, the value is varied from 1 to 10. The GPR model is implemented in RapidMiner Studio 6 on an Intel Core i7 at 3.4 GHz.
III. RESULTS Fig. 3 shows the results of the RBF kernel incorporated as the covariance function in the GPR as the scale, sigma is varied. It is experimentally shown that RBF with sigma = 8 has given an optimal prediction performance. R-squared analysis indicates 82.19% of the total variation of the human grading can be predicted by the GPR model. IV. CONCLUSION In this paper, we have demonstrated a methodology to mimic human visual perception of fibrovascular redness. This reduces the variability of using human graders to assess the redness [11] . The current experiment is preliminary and requires validation with more data. Future work may include the use of other type kernels as the covariance function.
